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FOREWORD

In support of the NASA (MAR) Apollo Reliability and Quality Office, this compilation
of the probability of crew members correctly performing defined tasks has been proposed
under Contract NASw-410, Work Statement Paragraph C.4.3.1.2. The objective of

this compilation is to provide a basis for analysis and evaluation of crew performance
accuracy for tasks defined in the Apollo Design Reference Mission Il using the best
available data (American Institute for Research "An Index of Electronic Equipment
Operability-Data Store", document AIR-C43-1/62-RP(l). Included in the compilation

is a comparison of Apollo Design Reference Mission Il tasks with selected tasks performed

at the Martin Company, Baltimore, during manned space flight simulation studies.



INTRODUCTION

In evaluating the success and safety aspects of manned-space flight vehicles, including
estimates of parts reliability, the state-of-the-art technology of systems analysis has
progressed to a high degree of capability. Part, subsystem, and system qualification
tests have been accepted as pre-flight requirements. Computerized programs which
determine the effects of failures in any system by use of data derived from Apollo or

industry test programs have saved considerable time and effort.

The ability of human crews to operate or monitor the increasingly complex systems has

not been analyzed or measured to the extent to which the systems have. Since the

crew is half of the man-machine system, a need exists to evolve techniques for developing
and applying crew performance data to existing subsystem performance data to "close the
loop". An additional need exists in orienting crew training programs toward assuring

crew proficiency in performing both the nominal mission tasks and those tasks necessary

to continue the mission or complete a safe abort in event of equipment malfunction.

To obtain quantitative performance assessments for crew tasks performed during a nominal
Apollo Lunar Mission, this study considers man as a subsystem that possesses a failure

rate affected by the parameters of stimulus and response, quite similar to the environmental
parameters affecting failure rates of systems. A comprehensive search of state-of-the-art
crew performance literature disclosed several sources of data pertinent to Apollo crew
operations. The present compilation is a selection of probability values from the American
Institute for Research data. It shows the estimated probability of correct completion of
crew tasks specified for Design Reference Mission II. It provides a needed base-line

and a rational starting point for systematic analysis of Apollo flight operations.



APPROACH

Recognizing the need for a compilation of basic crew performance data to analyze and
compare tasks within the Apollo program, NASA Headquarters initiated work to obtain

these data.

A comprehensive search of available literature was undertaken. The results of this
search disclosed a minimum of theoretical and experimental data of sufficient scope to

permit application of these data to current Apollo spacecraft task definitions.

Conferences were held with recognized experts in the field of crew operations and
human factors at research centers active in these fields. These visits further amplified

the need for a comprehensive, coordinated effort in this field.

All collected literature was evaluated to determine its application to crew tasks as
defined in the Design Reference Mission Il. This evaluation lead to the selection of
the data collected by the American Institute for Research (AIR) as best meeting the

objectives of providing an initial data base.

The published results of the Martin-Baltimore simulation of a manned lunar mission were

compiled to permit direct comparison with the tasks definition contained in the DRM-II.

The AIR data were used as a data bank to compilé a basic set of estimates of the
probability of correctly completing a defined DRM-II task on the first try by a crew
member. The format of the compilation is designed to provide for the addition of
supplemental or up-dated values. [t presents the AIR data at the individual task level

and the Martin-Baltimore data at the level of a major task event.

This compilation is limited to coverage of the command/service module crew task operations;

it will be supplemented by data for LEM crew task data.



Limitations of the AIR data are significant and are listed below:

(I) The consequences of specific components and parameters in interaction

are unknown.

(2) The AIR data index is derived from data from simulated tests rather

than actual use.

(3) The index is intended for predicting performance by relatively un-

selected personnel who have received only nominal training.

(4) The index makes no allowance for the many variables that tend to

affect human performance such as fatigue and task load.

The objective of this compilation of data is to provide a well-defined set of the best
available information for the systematic analysis and study of Apollo operations. By
coordinating the use of these data in conjunction with equipment information, compar-
ative evaluations of task schedules, system mechanizations, and operating procedures

can be accomplished in a logical orderly manner.

The ultimate goal in publishing this compilation is to provide a basis for initial eval-
vation of the man-machine system. A logical sequence will be to develop procedures
for the integration of these data into the complex structures of mission operations, mission

rules, flight readiness reviews, and mission objective accomplishment.



DISCUSSION

Analysis of manned systems operational crew performance reliability is incomplete without
a determination of the effect of crew performance on the equipment. Various systems,
by the nature of their function in the mission, are more critical to mission success and
crew safety than others. Each crew task was analyzed by subsystem engineers utilizing

failure mode effect analyses, system interfaces, and other evaluation criteria.

Based on a thorough review by subsystem engineers, crew task performance criticality

numbers have been evaluated as follows:
I) Error will cause catastrophic failure.

2) Error will cause subsequent system degradation and result in mission

abort.

3) Error will cause insignificant or no degradation of system and will

permit mission to continue.

APPLICATION OF AIR DATA TO DRM-II CREW TASKS

To establish estimates of reliability in performing a given crew task, it is first necessary

to divide the function into three parts:

[) Input or stimulus which initiates the response. The stimulus may
come from an indicator such as a light, scope, or meter; from
an informational job aid such as a manual or check list; from
what the operator "knows" must be done; or from successful

completion of the preceding step.

2) Mediating process or thinking which is required between receiving
the input and making the proper response. This mediating process

may be virtually automatic, fairly simple, such as comparing two



numerical inputs, or quite complex, such as evaluating threats.

3) Output or response which is the observable part of the behavior

and may involve such things as verbal communication, writing, or

activating a control.

The index is based on the independent assessment of the operator reliability associated
with each of these three aspects of input, mediating process, and output for each
response. Since reliability is a function of certain characteristics of each of the
three aspects of behavior, relevant categories of characteristics for each aspect of
behavior are presented in the AIR index. The evaluation, therefore, consists in
determining the characteristics relevant to a particular step of behavior being analyzed

and then matching these characteristics with those contained in the AIR index.



For a typical DRM-II task the evaluation is applied as follows:
TOGGLE SWITCH ACTIVATION

Task Characteristics

Input (Labeling)

Span - 3 to 5 words .9995
Legibility - clear and concise .9999
Printing height - 1/5" or more .9997

TOTAL L9991

Mediating Process

Homogeneous discrimination .9987
TOTAL .9987

Output (Toggle Switch)

Size - regular L9999
Resistance - soft L9999
Number of positions - three .9991
Throw direction - vertical .9999
Angle of throw - 40° .9998
Number in group - single row of 6 to 10 .9996
Distance between centers - |" or more .9999
Number of position indications - two .9999

TOTAL .9980

TOTAL TASK RELIABILITY L9991 x .9987 x .9980 = .9958

In many instances, a thorough analysis of the AIR data bank and comparison with the
task definition as iterated in the Apollo DRM=-Il resulted in an inability to apply the
AR data bank to the specific task. In these instances, no data is listed in the AIR

reliability column.



APPENDIX
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